Summary Changes in the rate of semi-conservative DNA synthesis with time after ultraviolet light irradiation were measured with amniotic fluid cells at 6 to 10th subcultures, which were originally derived from the pregnancy with the fetus affected with Cockayne syndrome. The rate of DNA synthesis at 12 hr after ultraviolet exposure relative to that of unirradiated control was much less in the Cockayne amniotic fluid cells than those observed with normal amniotic fluid cells or with fibroblasts from normal donors. These results suggest that by measuring the rate of DNA synthesis prenatal diagnosis of Coekayne syndrome may be accomplished within 3 to 4 weeks, in contrast to the actual length of time, 5 weeks, required for the prenatal diagnosis of this syndrome by measuring colony forming ability of ultraviolet irradiated cells.
INTRODUCTION
Cockayne syndrome (CS) is a rare autosomal recessive disorder characterized by dwarfism, retinal atrophy, gross mental retardation and skin hypersensitivity to sunlight (Cockayne, 1936) . Cultured skin fibroblasts from CS patients have been shown to be more sensitive to ultraviolet light (UV) than those from normal donors, in terms of colony forming ability (Schmickel et al., 1977) and of cellular capacity to synthesize DNA at long time (more than 6 hr) after UV irradiation (Lehmann et aL, 1979; Ikenaga et al., 1981) .
Recently, we have succeeded in prenatal diagnosis of this syndrome by assaying colonies of UV-irradiated amniotic fluid (AF) cells, though at the expense of long length of time, 5 weeks, required for the diagnosis (Sugita et aL, 1982) . In order to shorten the time needed for analysis, we have measured in the present study the rate of DNA synthesis by three different methods in UV-irradiated AF cells derived from day, one-half of the dishes were irradiated with 8 J/m 2 of 254 nm UV from a germicidal lamp (Toshiba) and further incubated with fresh non-radioactive medium. At various times during the subsequent 24 hr post-UV incubation, two dish (one control and one UV-irradiated) of cells were labeled for 60 min with 10 f~Ci/ml of [3H]TdR (20 Ci/mmol, The Radiochemical Centre). Then, the cells were washed with phosphate buffered saline (PBS) and collected in 0.3 ml of 0.2 M NaOH by scraping off with a rubber policeman. Duplicate 0.1 ml samples were spotted onto Whatman 3MM paper discs. They were washed with 5~ trichloroacetic acid, ethanol, and dried. Acid-insoluble radioactivities were counted by liquid scintillation counter.
Method B. Autoradiographic measurement of DNA synthesis. The method used was essentially the same as those described previously Tanaka et aL, 1982) . AF cells used were at 8 to 9 passages, where majority of cells showed fibroblast-like morphology. Exponentially growing cells were seeded in twelve 35 mm culture dishes (105 cells/dish), each contained 3 coverslips (15 mm in diameter). About 24 hr later, cells in 6 dishes were irradiated with 12 J/m 2 UV and further incubated with fresh culture medium. At various times after UV, two dishes of cells, UV-irradiated and non-irradiated, were pulse-labeled for 15 rain with 0.3 t~Ci/ml of [SH]TdR (5 Ci/mmol). Immediately after labeling, the cells on coverslips were washed three times with PBS and fixed with methanol. Samples were dipped into Sakura NR-M2 emulsion (Konishiroku), exposed for 14 days at 4~ and processed in the usual manner. In the autoradiographic measurements, the silver grains on nuclei were counted in 50 consecutive labeled nuclei. A nucleus having more than 3 grains was considered labeled.
Method C. The procedures employed were the same with those of Method B, except for the following changes in order to shorten the time required for the autoradiographic exposure. Cells were pulse-labeled for 30 min with a high concentration of [3H]TdR, 5 ;Ci/ml (24 Ci/mmol). In this case the samples were developed after 3 days exposure at 4~ RESULTS Figure 1 shows changes in the rate of semi-conservative DNA synthesis in CS and normal ceils at various times after UV, as measured by liquid scintillation counting of incorporated 3H-radioactivities (Method A). The cells were prelabeled with [I~C]TdR, so that the ratio of 3H to 14C counts gives a measure of the average rate of DNA synthesis in the cell population (Lehmann et al., 1979) . The rates of DNA synthesis in CS and normal fibroblasts ( Fig. 1 , triangles) were reduced immediately after UV to about 60~ of the unirradiated controls, and continued to decrease for at least 2 hr. In normal fibroblasts, recovery was initiated at around 4 hr, and reached a maximum level about 80~ of the unirradiated cells at 12 hr after UV. By contrast, CS fibroblasts did not show such recovery during the 24 hr incubation. These results confirmed the previous findings with CS skin fibroblasts (Lehmann et al., 1979; Ikenaga et al., i981) . In AF cells similar patterns of DNA synthetic rate were also observed; marked recovery in normal AF cells at 12 hr and its complete absence in CS AF cells (circles in Fig. 1 ). The reduction in DNA synthesis at 6 to 12 hr after UV was more evident in CS fibroblasts than in CS AF cells, though these two cell strains originated from the same fetus. This agrees with the lesser UV sensitivity of the same CS AF cell strain compared with the CS fibroblasts (CS20S), as found by measuring their colony forming abilities (Sugita et aI., 1982) . Nevertheless, since a great difference exists between CS and normal AF cells in the rate of post-UV DNA synthesis, and since the entire experiments took only 4 days, the Method A appears to be very suitable for rapid prenatal diagnosis of this syndrome. Figure 2 shows changes in the rate of post-UV DNA synthesis as measured by autoradiography (Method B). Both with fibroblasts ( Fig. 2a) and AF cells (Fig. 2b) , the results were essentially similar to those obtained by Method A; a marked recovery of DNA synthetic in normal cells at 12 hr after UV and its absence in CS cells. This indicates that the Method B can be applied, in principle, to prenatal diagnosis of CS. However, it took about 3 weeks to go through entire experimental procedures, from seeding of cells on coverslips to the completion of grain counting. To finish the experiments more rapidly, cells were pulse-labeled in Method C with 17 times higher concentration of [ZH]TdR (5 #Ci/ml) than that used in the Method B, and the labeling period was doubled (30 min). In addition, specific radioactivity of [3H]TdR used in Method C (24 Ci/mmol) was about 5 times higher than that in Method B. By raising the effective dose of [ZH]TdR more than 100 times (17 x 2 x 5) in such a way, we could observe many grains per nucleus only after 3 days exposure of the autoradiographic samples, which were enough for quantitative analysis (Table 1) . As seen in the table, the rate of DNA synthesis in normal AF cells recovered to 71~ of the unirradiated control at 12 hr after UV, whereas it remained suppressed in CS AF cells; only 13 ~ of the unirradiated cells. The whole experimental procedures took a week by Method C. This clearly shows that the Method C is also suitable for rapid prenatal diagnosis of CS.
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DISCUSSION
Recently, we have firstly succeeded in prenatal diagnosi s of CS by assaying colony forming ability of UV-irradiated AF cells (Sugita et al., 1982) . The main obstacle to the diagnosis was the length of time required; 3 weeks for growing large amount of AF cells and additional 2 weeks for colony assay.
The present measurements of the rate of post-UV DNA synthesis by liquid scintillation counting or by autoradiography revealed that these methods are more practicable than colony assay, because of their rapidity as discussed below. With regard to the time required for experimental analyses, Method A (liquid scintillation counting) took only 4 days and Method C (autoradiography) 7 days. These lengths of time were one-half or less than that needed for colony assay (2 weeks). The number of AF cells used in the present study was 1.2 x 106 both with Method A and C. In the actual case of prenatal diagnosis, however, measurement of DNA synthesis only at two different post-UV incubation period, that is, immediately and 12 hr after UV, should give necessary informations about the recovery pattern in DNA The rate of DNA synthesis at I2 hr after 12 J/m e of UV was determined by counting the number of grains in labeled nuclei following the Method C (see text for detail), b The mean number of grains per nucleus of UV-irradiated cells relative to that of unirradiated control. 
a Estimated for Methods A, B and C, by assuming that the rate of DNA synthesis was measured at 0 and 12 hr after UV irradiation, b Length of time from amniocentesis to obtain enough number of AF cells indicated in the column I. e Sum of the periods indicated in the columns II and III. a Required some experiences in cell culture.
synthesis. Then, the number of AF cells can be reduced to less than half of that used in the present experiments. Furthermore, with Method C counting of grains only on 50 nuclei was satisfactory to compare the rate of DNA synthesis between CS and normal cells, although there were huge numbers of cells in S-phase (several thousands of cells) per coverslip. Therefore, the number of AF cells can be further reduced in Method C, so that the time spent for growth of AF cells may be considerably shortened. Table 2 summarizes all these informations to make comparison among the different experimental methods for prenatal diagnosis of CS available at present. We recommend both Methods A and C with following comments; Method C is fastest but somewhat laborious, and Method A is easy to do but takes a little more time than Method C.
Another minor problem in the prenatal diagnosis by colony assay was tl~e fact that CS AF cells were more resistant to UV than CS fibroblasts, hence the difference in UV sensitivities between CS and normal AF cells was smaller than that between CS and normal fibroblasts (Sugita et al., 1982) . Such an intermediate UV sensitivity of CS AF cells was also observed in the present study by using Method A (Fig. 1) . Since this was not observed with fibroblast-like AF cells at later passages (Fig. 2b) , lesser UV sensitivity of CS AF cells seems to be inherent in AF cells of Epitheloid or spindle-shaped morphology used in experiments with Method A and in the previous study. Nevertheless, a great difference in DNA synthesis between CS and normal AF cells can be observed by choosing appropriate doses of UV (8 to 12 J/m2).
